(R)-1-Phenyl-2,2,2-trifluoroethanol and its hydrogen bonded adducts with achiral (water, tetrahydrofuran) and chiral solvent molecules ((R)-and (S)-butan-2-ol, (R)-and (S)-3-hydroxy-tetrahydrofuran) have been ionized by resonant two-photon absorption. The presence of photofragments, attributable to the occurrence of a hydrogen fluoride loss reaction, has been interpreted with the aid of theoretical predictions at the DFT level of theory with the inclusion of dispersive terms. The HF elimination process takes place by a mechanism involving the preliminary C R -H hydrogen transfer to an hydroxyl oxygen assisted by the solvent molecule which is followed by extrusion of the HF molecule. The calculated energy barriers depend on the type of solvent as well as on its configuration and are consistent with the observed fragmentation ratios.
Introduction
Understanding the remarkable efficiency and selectivity of many biological processes requires careful investigation of the nature of noncovalent interactions involved in the relevant molecule/receptor systems. In this context, precious information on the transfer of chiral information from the molecular to the supramolecular level can be gained by investigating isolated, noncovalently bound adducts of chiral molecules. Spectroscopic and mass spectrometric methodologies, supported by high-level computational approaches, may allow a detailed and systematic investigation of specific intermolecular interactions in chiral host/guest systems as well as of the dynamics of conceivable reactive processes.
Noncovalent diastereomeric clusters can be generated and isolated by supersonic expansion, and their structure and conformational equilibria have been characterized by several spectroscopic methodologies, such as LIF (laser-induced fluorescence), 1 R2PI (resonant two-photon ionization), 2 and more recently by FTIR (Fourier transform infrared) 3 and microwave spectroscopies.
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R2PI spectroscopy, coupled with time-of-flight (TOF) mass spectrometry, provides mass-selective electronic spectra and allows the study of ionic clusters as well as the measure of the binding energies and of reaction thresholds of the diastereomeric complexes. We applied this methodology for evaluating the gasphase structure and the energetics of diastereomeric complexes between chiral aromatic alcohols and a variety of chiral solvent molecules. 5, 6 We have also shown the effects of asymmetric microsolvation on the energetics and dynamics of side chain C R -C photodissociation in aromatic radical ions. 7 An important aspect of these studies concerns the efficiency of the fragmentation process, which is enhanced when a hydrogen-bond interaction is present between the chromophore and the solvent molecule and which depends on its configuration, and on the specific conformation (i.e., H-bonded structure) of the adduct. Besides proton transfer processes in the diastereomeric complexes of aromatic molecules with amines, 8 the observation of enantioselective reactions in isolated clusters is to date not so frequent. One of these rare cases is illustrated in this paper which reports on the results of a R2PI spectroscopic study of supersonically expanded complexes of (R)-1-phenyl-2,2,2-trifluoroethanol (FE R ) with water (W), tetrahydrofuran (Tf), (R)-and (S)-2-butanol (B R/S ), and (R)-and (S)-3-hydroxytetrahydrofuran (Th R/S ).
Experimental and Theoretical Calculation
The molecular beam chamber combined with the linear TOF mass spectrometer used in this work has been previously described. 9 Clusters were generated in a supersonic-jet expansion of a carrier gas (Ar, stagnation pressure from 2 to 4 bar) seeded with the chromophore and the solvent through a pulsed valve (800 µm i.d., aperture time 200 µs). Diastereoisomeric complexes were formed by expansion of mixtures containing a chromophore of defined configuration, either (R)-1-phenyl-2,2,2-trifluoroethanol (FE R ) or (R)-2-phenyl-1,1,1-trifluoropropan-2-ol (FP R ), with the R or the S enantiomers of a chiral solvent molecule (solv) to yield the corresponding [FE R · solW R ] or [FE R · solW S ] diastereomeric adducts. The supersonic jet was skimmed before entering the detection chamber. The molecules and clusters were excited and ionized by a Nd:YAG-pumped pulsed dye laser with associated crystals for nonlinear optical conversion. The generated ions were accelerated and extracted into the TOF mass spectrometer and detected by a channeltron. The signal was recorded and averaged by a digital oscilloscope and stored on a PC. The samples were purchased from Aldrich and used without further purification. † One color R2PI experiments (1cR2PI) involve electronic excitation of the species of interest by absorption of one photon hν 1 and by its ionization by a second photon of the same energy hν 1 . The 1cR2PI excitation spectra were obtained by recording the entire TOF mass spectrum as a function of ν 1 .
A preliminary investigation of the conformational landscape of the neutral systems has been conducted by molecular dynamics and mechanics calculation with the MM3 force field. The molecular structures obtained by MM optimization are then reoptimized with density functional theory methodologies. In particular the bare molecule FE R and its monohydrated cluster have been studied with B3LYP/6-31G** and D-B3LYP/6-31++G** level of theory. This last methodology is based on the addition of long-range dispersion contributions to the quantum DFT energy: D-DFT. 10 In particular, the interatomic dispersion coefficients C ij 6 have been estimated as the squared mean of atomic C 6 . 11 The overall dispersion term has been increased by a 5%, and the exponential parameter a of the damping function was fixed at a value of 20.0 as suggested by Grimme. 12 Because of computational limited resources, all the neutral and ionic adducts, but the one with water, have been calculated at the D-B3LYP/6-31G** level of theory. The potential energy curves of the reactive ionic species have been obtained by a full geometry optimization along the scanned variable of interest: e.g., C R H · · · O and OH · · · F coordinates. The ab initio calculations have been performed with both Gaussian 13 and NWCHEM 14 quantum packages. Figures 1-3 . The D-B3LYP/6-31++G** structures and relative energies of the most stable conformers of FE R are analogous to those obtained with previous calculations performed at MP2/6-31G** level of theory. 15 The most stable conformer A of FE R (Figure 1a ) is characterized by the OH group located out of the plane of the phenyl ring, establishing an intramolecular hydrogen bond with one of the fluorine atoms of the CF 3 group. Conformer B has the hydroxyl hydrogen atom pointing toward the ring plane (OH · · · π bonding). The D-B3LYP/6-31++G** structures of the most stable conformers of [FE R •W] cluster (Figure 1b ) are similar to those previously calculated at the B3LYP/6-31G** level of theory. 15 In the most stable conformer A, the water molecule acts as a proton acceptor from the OH group of the chromophore and as a proton donor toward the F atom anti to the aromatic ring. In conformer B, the water molecule acts as a proton acceptor from the OH group of the chromophore and as a proton donor toward its π ring. The calculated total dispersion term is 1.24 kcal/mol higher in the less stable conformer B. As a consequence, the predicted relative energy, +0.28 kcal/mol, is much less than that arising from previous calculations (1.34 kcal/mol) 15 where the dispersion term was neglected. Hence, as expected, the inclusion of dispersion terms (A homo and A hetero in Figure 2 ), but rather those of the higherenergy neutral forms C homo and C hetero with the solvent molecule located out of the plane of the aromatic ring ( Figure 2 ). These conformational changes are attributed to the OH · · · π interaction which becomes repulsive in the cation. It has to be noted that the homochiral [FE R · B R ] + cluster presents a larger dispersive energy contribution (∼2 kcal/mol) with respect to the heterochiral [FE R · B S ] + one. This difference is due to the larger dispersive interactions between the CF 3 group of FE R and the alkyl chain of 2-butanol in the homochiral adduct than in the heterochiral one (Figure 4) .
Results

Ground-State Geometries of
The structure of the [FE R · Tf] + adduct resembles that of the most stable neutral conformer A (Figure 1c ) with the chromophore as proton donor toward the oxygen atom of Tf and the ring of Tf located away from the aromatic ring of FE R . In contrast, the structures of the [FE R · Th R/S ] + conformers differ from those of their most stable neutral counterparts. Rather, they are more similar to those of B homo and C hetero (Figure 3 This assignment is acceptable for the homochiral [FE R · B R ] complex. The red shift of its 0 0 0 electronic S 1 r S 0 transition finds strong analogies with the red shifts previously observed for similar complexes with nonfluorinated chromophores. [5] [6] [7] [8] In these studies, the red shift was associated to the chromophore acting as the proton donor and to the contribution of dispersive interactions between the aliphatic chain of the alcohol and the π-system of the chromophore. Thus, the band at 37726 cm ion clusters starting from the hypothesis that the hydrogen involved is the C R -H one of the chromophore.
Three mechanisms have been considered most probable for the HF loss: (a) the direct C R -H hydrogen transfer to the nearest fluorine atom of the CF 3 group (a concerted process); (b) a preliminary hydrogen transfer from the C R to its vicinal oxygen of the chromophore (O chr ) followed by the H transfer to the nearest fluorine atom of the CF 3 group (an intramolecular twostep mechanism); (c) only for bidentate solvent Th R/S , a preliminary hydrogen transfer from the C R to the alcoholic oxygen (H-O al ) of Th R/S followed by the H transfer to the nearest fluorine atom of the CF 3 group (an intermolecular mechanism).
Figures 7-9 illustrate the minimum energy paths for mechanisms b (solW ) none, W, B R/S , and Tf) and c (solW ) Th R/S ). All the energies are relative to that of the equilibrium geometry of the most stable [FE R · solW] + ion. The C R -to-O chr/al hydrogen transfer step (left side of Figures 7-9 ) for each species was explored by a full optimization procedure in which the geometry is only constrained to fixed O chr -H or O al -H distance. The optimized geometry of the intermediates produced in the first step is shown in Figure 10 Table 2 reports the energetic data for the HF elimination process according to mechanisms b and c. The E react term refers to the minimum energy for the HF loss from the most stable [FE R · solW] + ion (indicated with arrows in Figure 7-9) . ∆E act is the sum of the adiabatic ionization potential of the species and E react (∆E react ) IP([FE R · solW]) + E react ) and represents the overall HF loss activation barriers starting from the relevant neutral [FE R · solW] complexes. If the E react terms of Table 2 are compared to the larger B3LYP/6-31G**-calculated activation barriers, involved in the direct transfer mechanism a (E react ) 17960 cm + homochiral complexes, and this could explain the observed higher fragmentation ratios.
Conclusions
The present paper reports on the investigation of the mechanism of enantioselective Hf loss reaction in isolated ionic complexes by a combined experimental theoretical study. Mass selected resonant two photon ionization (R2PI-TOF) is used to record the S 1 r S 0 spectra of (R)-1-phenyl-2,2,2-trifluoroethanol (FE R ) and its hydrogen bonded adducts with water (W) and tetrahydrofuran (Tf) and chiral solvent molecules ((R)-and (S)-butan-2-ol (B R/S ), and (R)-and (S)-3-hydroxy-tetrahydrofuran (Th R/S )). The structure of their neutral and ionic adducts has been analyzed on the basis of theoretical predictions at the B3LYP/6-31G** level of theory with the inclusion of dispersive terms.
The 
